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Abstract

Background and Aim This study aimed to evaluate the association of serum procalcitonin (PCT) at hospital presentation
with disease severity and clinical deterioration to septic shock in acute cholangitis.

Methods This study included consecutive patients with a diagnosis of acute cholangitis who presented to the emergency
department and underwent biliary drainage. PCT and blood culture tests were conducted at the time of initial presentation.
Patients were categorized into three groups based on disease severity. White blood cell count, levels of C-reactive protein
and PCT were compared regarding the following: cholangitis severity, blood culture positivity, and clinical deterioration to
septic shock.

Results A total of 204 consecutive patients were enrolled, with grade I severity in 39 (19.1%), grade IT in 139 (68.1%), and
grade III in 26 (12.7%). The numbers of patients with blood culture positivity and clinical deterioration were 6 (15.4%) and
1 (2.6%) in grade 1, 45 (32.4%) and 4 (2.9%) in grade 11, and 14 (53.8%) and 1 (5.6%) in grade III cholangitis, respectively.
Only PCT was significantly associated with blood culture positivity (3.25 vs 0.62 ng/mL; P = 0.001) and clinical deteriora-
tion (9.11 vs 0.89 ng/mL; P = 0.040). The cutoff value of PCT for clinical deterioration to septic shock among patients with
grade I and II was 3.77 ng/mL (sensitivity of 80.0% and specificity of 74.0%).

Conclusion PCT could be a promising marker of clinical deterioration to septic shock in acute cholangitis. Therefore, PCT
might be used as a decision-supporting biomarker for urgent biliary decompression.
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Introduction

Acute cholangitis is a serious inflammatory condition, usu-
ally caused by biliary obstructive lesions such as choledo-
cholithiasis or pancreatobiliary tract malignancy. Timely
biliary drainage plays a pivotal role in the management of
acute cholangitis; antibiotics and fluid resuscitation are also
important. Acute cholangitis has a wide range of sever-
ity, from a minor condition that improves with conserva-
tive medical treatment to severe disease leading to septic
shock. However, acute cholangitis that is initially assessed
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as mild in severity could progress to severe sepsis and shock
despite the use of empirical antibiotics, because disease
severity does not imply responsiveness to medical treat-
ment. Recently, serum procalcitonin (PCT) level at hospital
presentation has been reported to be a useful predictor for
clinical deterioration in critically ill patients [1]. Therefore,
the aim of this study was to evaluate the association of serum
PCT at hospital presentation with disease severity and clini-
cal deterioration to septic shock in acute cholangitis, in order
to determine the usefulness of PCT as an indicator for urgent
biliary drainage.

Methods
Patients

This was conducted at a tertiary referral hospital between
August 2015 and April 2016. Among all consecutive patients
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with a diagnosis of acute cholangitis who presented to the
emergency (ER) department, patients who underwent biliary
drainage were enrolled in this study. The decision to perform
endoscopic retrograde cholangiopancreatography (ERCP)
or percutaneous transhepatic biliary drainage (PTBD) was
at the discretion of the treating physician. Exclusion cri-
teria were: [1] previous history of treatment with ERCP
or PTBD; [2] previous gastric surgery making endoscopic
drainage impossible due to anatomical alteration; [3] serum
procalcitonin not measured at initial presentation. The study
was approved by the institutional review board with waiver
of informed consent due to the retrospective design. The
study followed the ethical guidelines of the 1975 Declaration
of Helsinki. All authors had access to the study data, and
reviewed and approved the final manuscript.

Management of Acute Cholangitis

All patients received parenteral antibiotics with a third-gen-
eration cephalosporin and metronidazole after blood cul-
ture and laboratory test. Volume replacement was conducted
with crystalloid fluids. In cases of hypotension even after
aggressive hydration, an inotropic agent was administered,
in which situation the patients were regarded as being in
septic shock. Parenteral antibiotics were continued until the
inflammatory signs of acute cholangitis subsided. Response
to initial medical treatment was evaluated by the treating
physician, and then the timing and method of biliary decom-
pression was determined at the discretion of the physician.

Methods and Statistics

The clinical history of each patient including time of pres-
entation (day or night, weekday, or weekend), outcomes of
the various diagnostic tests at initial presentation (white
blood cell (WBC) count, C-reactive protein (CRP), PCT,
bilirubin, albumin, prothrombin time, serum creatinine),
the method of biliary decompression (ERCP or PTBD), and
clinical outcomes were evaluated retrospectively. The sever-
ity of acute cholangitis at the time of initial presentation
was assessed based on the Tokyo guideline 2013 (TG13).
The clinical characteristics according to severity grade were
compared using the ANOVA test with post-hoc analysis.
Receiver operating characteristic (ROC) analysis was per-
formed to determine the diagnostic sensitivity of each labo-
ratory parameter for the severity grade. Independent t-test
or Mann—Whitney U test was used for continuous variables,
and Chi square test or Fisher’s exact test was used for cat-
egorical variables. All P values are two-sided; P < 0.05 was
considered statistically significant. Statistical analyses were
carried out using IBM SPSS statistics version 20.0 (SPSS
Inc., Chicago, IL, USA).

Results
Clinical Features According to Severity Assessment

Baseline characteristics of the 204 patients are summarized
in Table 1. The most common indication for biliary decom-
pression was acute cholangitis caused by common bile duct
(CBD) stone, and followed by malignant stricture. The
number of cases of acute cholangitis according to severity
grade was 39 (19.1%) grade I, 139 (68.1%) grade II, and 26
(12.7%) grade III. Among the three groups, the number of
patients with positive blood culture results were significantly
different (P = 0.001): 6 (15.4%) in grade I, 45 (32.4%) in
grade II, and 14 (53.8%) in grade III, respectively (Fig. 1).
The method of biliary decompression was also significantly
different among the three groups. PTBD was preferred with
increased disease severity (P = 0.002). The tendency for
early biliary decompression was identified in patients with
grade III severity, although this difference was not statisti-
cally significant (P = 0.341) (Table 2). Inflammatory mark-
ers, including WBC, CRP, and PCT, were significantly dif-
ferent according to severity grade (Table 3). However, ROC
analysis for grade III cholangitis showed that WBC count
could not significantly discriminate according to disease
severity. The cutoff value of PCT for grade III severity was
1.76 ng/mL, with a sensitivity of 84.6% and specificity of
62.4% (Fig. 2A).

Relevant Laboratory Parameters for Blood Culture
Positivity

The number of blood culture positive cases was 6 (15.4%),
45 (32.4%), and 14 (53.8%) in patients with grade I, II, and
III severity, respectively. Although the number of blood
culture positive cases was highest in the grade III group

Table 1 Baseline characteristics

N =204
Age, years—median (range) 76 (17-102)
Gender, female—no. (%) 86 (42.2)
Indication—no. (%)

Common bile duct stone 182 (90.2)
Acute calculous cholangitis 137
Biliary pancreatitis 45

Malignant stricture 20 (9.8)
Cholangiocarcinoma 12
Pancreatic head cancer 2
Gallbladder cancer with bile duct invasion 3
Bile duct invasion from other malignancy 3

Benign stricture from chronic pancreatitis 2(1.9)

@ Springer



2476

Digestive Diseases and Sciences (2018) 63:2474-2479

according to the Tokyo guide-

Fig. 1 Severity assessment l
line 2013 and blood culture

Acute cholangitis

based on the Tokyo Guideline 2013 J

positivity based on severity.

l

One patient (2.6%) with grade I, [
4 patients (2.9%) with grade II,

204 ER patients with acute cholangitis }

and 1 patient (5.6%) with grade

III severity progressed to septic
shock before scheduled biliary

[ Grade |, n=39 (19.1%) ][ Grade Il, n=139 (68.1%) ][ Grade lll, n=26 (12.7%) ]

decompression

[

Blood culture positivity, 2 = 0.005 }

| T

n=6 (15.4%)

n=45 (32.4%)

n=14 (53.8%)

Table 2 Hospital visit time and practice pattern according to the severity grade

Variables Total (n = 204) Grade I (n = 39) Grade II (n = 139) Grade III (n = 26) P value
Hospital visit time — no. (%) 0.674
Daytime 126 (61.8) 26 (66.7) 83 (59.7) 17 (65.4)
Off-hours 78 (38.2) 13 (33.3) 56 (40.3) 9 (34.6)
Biliary drainage method — no. (%) 0.002
ERCP 140 (68.6) 35(89.7) 92 (66.2) 13 (50.0)
PTBD 64 (31.4) 4 (10.3) 47 (33.8) 13 (50.0)
Timing of biliary drainage — no. (%) 0.341
Within 24 h 119 (58.3) 21 (53.8) 78 (56.1) 20 (76.9)
From 24 to 48 h 38 (18.6) 8(20.5) 28 (20.1) 2(7.7)
After 48 h 47 (23.0) 10 (25.6) 33 (23.7) 4 (15.4)

Off-hours, weekend and nighttime during weekday; ERCP, endoscopic retrograde cholangiopancreatography; PTBD, percutaneous transhepatic

biliary drainage

(14/26, 53.8%), it was also considerable in grade I and II
groups (6/39, 15.4% in grade I; 45/139, 32.4% in grade II).
Therefore, it is important to predict blood culture positivity,
because it implies that the bacterial load is overwhelming
and the patient carries a high risk of sepsis and septic shock.
The CRP level and WBC count were not significantly dif-
ferent between groups based on blood culture result (culture
positive group versus non-positive group). The level of PCT
was significantly different between the two groups (3.25 vs
0.62 ng/mL; P = 0.001) (Table 3). The cutoff value of PCT
for blood culture positivity was 0.68 ng/mL, with a sensitiv-
ity of 81.5% and specificity of 54.0% (Fig. 2B).

Serum Procalcitonin as a Promising Parameter
for Clinical Deterioration to Septic Shock

Of the 204 patients, eight (3.9%) patients were diagnosed
with septic shock at initial ER presentation. However, of the
remaining normotensive patients, six (3.1%) progressed to
septic shock before scheduled biliary decompression, includ-
ing one patient (2.6%) with grade I, four patients (2.9%)
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with grade 11, and one patient (5.6%) with grade III severity,
respectively. When patients were classified into two groups
based on progression to septic shock (progression group
versus non-progression group), only PCT showed a signifi-
cant difference between the two groups (9.11 vs 0.89 ng/mL;
P = 0.040) (Table 3). The cutoff value of PCT for clinical
deterioration to septic shock among patients with severity
grade I and II was 3.77 ng/mL, with a sensitivity of 80.0%
and specificity of 74.0% (Fig. 2c¢).

Technical and Clinical Success of Biliary Drainage

Among the 140 patients in whom ERCP was initially
attempted for biliary drainage, deep cannulation of the bile
duct was not successful in four patients, thereby leading to
switch into PTBD immediately, while there were no cases
of failed percutaneous biliary decompression among the 64
patients in whom initially PTBD was attempted. Therefore,
technical success rates of ERCP and PTBD were 97.1 and
100%, respectively. Clinical signs of acute cholangitis were
not completely resolved in two patients even after biliary
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2 o - o decompression using ERCP. Meanwhile, the clinical signs
g ) & 3 were improved in all of the patients in whom PTBD was
= = =< initially performed, although additional procedures such as
% g stone extraction or biliary stenting were needed subsequently
2l when clinical parameters had become stable.
o [ &
18 |= g3
s|g ST Discussion
S| & 2 NI
g2 = ¥ S o . . .
8 R Biliary tract drainage plays a crucial role in the manage-
_§ g § 3 ment of acute cholangitis. According to TG13, the optimal
3 ? é e ";} % < timing of biliary drainage is different depending upon the
E g3 | Z i severity of acute cholangitis: in grade I (mild) cholangitis,
oleesf= initial medical treatment including antibiotics may be suf-
E “ - - ficient; however, for non-responders, biliary drainage should
E § g § be considered. In grade II (moderate), early biliary drain-
_ age is recommended, and in grade III (severe), urgent (as
38 s soon as possible) biliary drainage should be performed [2].
g 3 5 9 However, the time frame of biliary decompression in TG13
2 f S/ Ei is somewhat ambiguous: “early” in grade II and “urgent” in
§ @ DR grade III (severe). Moreover, even in grade I (mild) cholan-
& - gitis, biliary drainage is recommended for non-responders
a to initial medical treatment. It is a critical point that even
o n _ in mild cases at initial assessment, cholangitis can progress
_i % 3 § ® to include severe complications, such as sepsis and septic
° % = S shock. Therefore, it is very challenging to decide whether
gl 8 SIRe) to commence biliary decompression immediately or “watch-
ale 2 e g and-wait” with medical treatment, especially in patients pre-
é = = = § senting during the night or weekend, because the prediction
s 2 2|3 of responsiveness to medical treatment is very difficult and
e % accessibility to the drainage procedures might be low, espe-
‘ﬂ‘ _ |5 cially during off-duty time.
S 7 28| = In the present study, approximately 40% of the enrolled
E ) o) ;L_,E) patients presented to the ER during off-duty time (weekend
'q'é § § § % or night time during weekdays). The serum concentration
8 o — — Z of PCT at initial ER presentation strongly correlated with
e § § disease severity. Furthermore, it could well discriminate
ij n _ a U non-responders from patients responsive to initial medical
:é = Q 28| 2 treatment. The cutoff values of PCT for grade III sever-
E = E :V; jj z ity and clinical deterioration were 1.76 ng/mL (sensitivity
f § ; B g 84.6% and specificity 62.4%) and 3.77 ng/mL (sensitivity
Eﬁ %’ _ 8 80.0% and specificity 74.0%), respectively. Therefore, we
k<] 5 |@ g suggest that PCT could be a promising decision-supporting
g 2 \; a ga —§ biomarlfer thaF can b?lp physician de(':ide whether to com-
E g:f g = IR g mence immediate biliary decompression or not, especially
g|l2|g 2 NN = in patients with borderline need for biliary decompression
£ vlo > c < g presenting at night time or the weekend.
g . g g § CRP and WBC c01.1nt axst commonly used inflammatory
Z *9 g E % = markers for critically ill patients. However, these two mark-
é 28 55 g ers are not specific for bacterial infection and can be elevated
: 2 f -l g in non-infectious inflammatory conditions. Recently, PCT
2 Q "E 5 &L %' ;» has gained increasing interest as a new biomarker for bacte-
= =" "8R9 rial infection and sepsis [3—7], because the level of PCT has
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Fig.2 The receiver operating characteristic (ROC) curves and cut-
off values of procalcitonin (PCT). a For grade III severity, the cutoff
was 1.76 ng/mL (sensitivity 84.6%, specificity 62.4%). b The cutoff
value for blood culture positivity was 0.68 ng/mL (sensitivity 81.5%,

been demonstrated to correlate with severity of infectious
diseases [8—10]. Furthermore, PCT-guided antibiotic strat-
egy is also reported to be effective for reducing the duration
of antibiotic therapy, thereby decreasing the risk of antibi-
otic resistance and Clostridium difficile infection [11-13].
In healthy status, PCT is rarely released into blood stream
because the PCT which is usually produced in the thyroid C
cells is almost converted into calcitonin [14]. However, in a
bacterial infection, especially sepsis, it could be produced in
various tissues such as spleen, kidney, adipocytes, pancreas,
colon and brain, thereby resulting in dramatic elevation of
serum PCT levels [15].

Self et al. [1] demonstrated that serum PCT concentration
at initial hospital presentation was associated with the future
risk of respiratory failure or septic shock in community-
acquired pneumonia and they suggested that admission to
the intensive care unit should be considered in patients with
elevated PCT level. From the perspective of risk predic-
tion of clinical deterioration, this is in agreement with our
results. Furthermore, Shinya et al. also reported that PCT
could be a promising marker for the need of emergent biliary
drainage in patients with acute cholangitis [16]. However,
they did not evaluate the predictive role of PCT regarding
disease progression to septic shock, but only demonstrated
that a high PCT level correlated well with blood culture
positivity and disease severity.

This study has certain limitations. First, this was a ret-
rospective study, although the data was collected prospec-
tively. The present study, however, had a relatively large
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specificity 54.0%). ¢ For prediction of clinical deterioration to septic
shock, the cutoff value was 3.77 ng/mL (sensitivity 80.0%, specific-
ity 74.0%). ROC receiver operating characteristic; PCT procalcitonin;
CRP C-reactive protein; WBC white blood cell

number of homogenous patients who were managed at a sin-
gle institution. Second, the serum PCT level was measured
only once at initial admission, and thus changes in serum
PCT level were not taken into consideration in this study;
this could be another valuable factor to guide the imple-
mentation of biliary decompression. Recently, initial PCT
value was reported to have significant value for predicting
disease progression [1]. Therefore, the greatest utility of ini-
tial PCT measurement in acute cholangitis could be for those
patients with borderline need for early biliary decompres-
sion, although PCT does not replace clinical judgement of
the treating physician.

In conclusion, serum PCT concentration at initial hospital
presentation has been shown to correlate well with acute
cholangitis severity. In addition, it could be an early predic-
tor of disease progression to septic shock in acute cholangi-
tis. Therefore, PCT might be used as a decision-supporting
biomarker for the urgent implementation of biliary decom-
pression, especially in patients with moderate severity of
acute cholangitis.
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